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1. PROJECT: No. 6-1 = Determination of the Visual Requirements for Various 
Tasks in Armored Vehicles; Subject: sag of of Errors in Range Estimation with the 
Unaided Eye, 


a. Authority: Letter Commanding General, Headquarters Armored Force, 
Fort Knox, Kentucky, File 400.112/6 GNOHD, dated September 24, 1942, 


be Purpose: To study the accuracy of range estimation without visual 
aids among tank crew trainees with special reference to (1) degree of accuracy 
obtained, (2) possibility of preselection of the more competent individuals, (3) 
improvement with training, and (4) influence of the character of targets and terrain, . 


2, DISCUSSION: 


a. Range estimation is one of the most important and, at the same time, 
least accurate element in tank gunnery. Previous studies of visual range estimation 
performance have dealt with the average proficiency or lack of it in groups of sol- 
diers, the burden of the investigations being concerned primarily with the magnitude 
of the mean errors, and the influence of the distance of the target on the accuracy — 
of its estimate. In substance, however, the outstanding finding has been that troops 
in general do not estimate ranges accurately enough to secure hits with the first | 
round of fire, and that the errors, being of the order of 20% or more, necessitate 
bracketing with several rounds, before the target is struck. It seemed desirable, 
therefore, to inquire more fully into the measures that might be adopted to improve 
this situation. Such measures might be: 


(1) The incorporation of range finders as standard equipment for 
tanks. At the present time there are none in American tanks in 
combat theatres and the current opinion is that the time required 
to remove the range finder from its stowage, mount it, and use it, — 
is not frequently available in combat. New types of range finders 
are, however, under consideration for limited issue, but it is 
generally agreed that the tactical, lighting, and terrain con- 
ditions are not always suitable for their use. Furthermore, 
special training may be a complicating requisite for their effects” 
ive employment. 


(2) Calculation of distance from the angle subtended by the tas 
on a. mil scale. For this to be done accurately, the optica 
instrument must be stable, as would be the case with the tank 
telescope if the tank were stationary, but not with binoculars; 


F T pheyy s uaarae labia ven a 
yi aed vLe ver fay BATESPTS LOL CyeT% me jMRe 
 RowenzyyA vtresq ppp ppe fecereey* TyBupywe? sug cen 

oxs® HOmGASL” MUGSL CobeyqeL#ryou Lok TymyTFeq reulet 

qe poe taednenupya wastyepye Tu compag? | yom gabeo wen J 

£0 Lemons pro Lene THe [Low Tre eponste’ womme Tf? om 

‘Someve soe ote wg te cnkkews obyuyou Ts pper ppe a 


_ Bertone pea Geere wien on sasete reap ey om F¥CK of Tew bt ot 
rs. Jewove yu peux Cewwpende pLeayore epnygzee of ATaVy LaNRe ou | 


Pichoed jini bienodiie Me albaced Sb arepaced Hitt wf eye wome PF rs 
¢ i ( d as si 


ang Pt seh eruue® sug wog () ‘wirsance ot pe. ope nwe pen. oF, ihe fe 
AS) Seserprryed ' of biceereceTow of se woe comberene yuqzatqaeTe’ {° 
Shem fiwivece wypy ebecley Letexence fo {Y) qetnee 07 psd 


* 


ROME ytrox? yourcea® EITe Yoo"TIs\e anOuD* aeeeq gebrarven oY” Tats” 
worEsent 


“perg0g eas 
euice tua ors omnes 


30 your rare 


kone _WOX? youpacKa 
_ FEROMED areters BREEVECH TYBOYLOBX * 


a oT th 
") es ts rh ss hi 
ce ee ae oe 


‘ii 


+ {0 apagh pe gcenivcA of Levée capymepron arfpone. baat: 


: sled Commsny TNE Caveney”. Herqdavepets on 5 ponce? ue 


(3) 


and the size of the target must be known, Time is required 
for the calculation; and, more important, the precise target 
size will not be generally known, 


Intensive training of tank crewmen in estimation with the 

unaid e. As pointed out above, studies of the performance 
of men have generally indicated relatively imperfect performance. 
One may therefore raise these questions; 


(a) Can the technique of instruction be improved, with con- 
sequent reduction in the error of estimate? 


(b) Would more intensive instruction of tank crewmen produce 
better results? (A recent AORG report, No. 225 on The 
Accuracy of Visual Estimation of Initial Benge. s. pons des 
that "...an improvement in performance by the NCO category 
of personnel is possible by continuous training and practice 
in range estimation". ) 


(ec) Should tank crewmen, or more particularly tank commanders 
and gunners, be selected for their proved or potentially 
superior capabilities in range estimation? (The antiair- 
craft and coast artillery commands devote several weeks to 
training on height and range finders, of men preselected 
for their intelligence and the excellence of their vision. ) 


b. The range estimation records of a large group of men for 32 targets on 
three different ranges were obtained for study from the gunnery department of the 
ARTC. This analysis undertakes to evaluate from these records five aspects of the 
range estimation problem: 


(1) 


(2) 
(3) 
(4) 


(5) 


The general level of competence of men in training as tank 
crewmen. 


The level of excellence of the 10 most capable men of the group. 
The degree of improvement with training, 


The relationship of general vision and of previous civilian 
experience to accuracy in judging distance, 


The influence of the character of the target on the estimate 
of its distance. 


3. CONCLUSIONS : 


a, The mean error for all 4472 estimates was 26,6%. This was considerably 
higher than the median error of 20% for the reason that one-sixth of all estimates 
were in error by more than 40%. On the other hand, slightly less than one-third 
of all estimates were exceptionally good, being incorrect by less than 10%. 
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b. Some men possess outstanding skill in estimating distances, There 
were 10 men in the present group whose median error for 32 separate range esti- 
mates was 13% or less, the best having a median errof of only 8%, These men had 
had only several weeks basic military training prior to this test, 


c. The failure of the group as a whole to improve in successive exercises 
suggests that the technique and extent of instruction does not substantially in- 
crease the range estimation proficiency of trainees. 


ad. The best and poorest range estimators of this and of another group of 
men, specially examined, could not be distinguished on the bases of civilian occupa- 
tion, participation in outdoor sport, urban or rural residence, or vision tests, 


e, The tendency to underestimate the distance to targets with sharp, 
well-defined contours was consistent. Examples of such targets were: vehicles, 
coniferous trees, and range limit markers. The targets most frequently over- 
estimated were partly hidden objects and those with low contrast. Neither the 
target's azimuth nor distance up to 1800 yards appeared to influence the pattern 
of error, 


4, RECOMMENDATIONS : 


a. That identification of the more competent range estimators be regarded 
as an important consideration in the selection of tank commanders and gunners, 


b, That the reasons for the apparent superiority in range estimation 
possessed by some individuals be further investigated as a basis for improving 
range estimation instruction generally. 


: c. That improved devices and techniques for range estimation instruction 
be sought. 


d. That the influence of the character of the target be pointed out in 
imparting range estimation instruction to men. In particular, the tendency to 
underestimate the distance to targets of sharp outline should be appreciated. This 
may be of importance when fire is directed at a terrain feature which is selected 
because of its inferred proximity to an enemy strongpoint. 


e. That investigation and development of built-in tank range finder be 
continued. 


NOTE: The recommendations as set forth in this project have been concurred in by 
Col, Fred W. Makinney, Chief of Staff, Armored Center. 


nage by: 
Arthur Freedman, Captain, MC / 


& Incls. . | - 
#1 — Appendix I : APPROVED ( Villard Wha whee, 
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- Appendix III Colonel, Medical Corps © 


#3 
#4, ~ Figures 1, 2 and 3a to 3p Commanding 
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° Incl. #1 


APPENDIX I 


,ACCURACY OF RANGE ESTIMATION 


le Introductory e 


a. The present study of accuracy of direct range estimation with the un—- 
aided eye makes use of data obtained from troops in the gunnery section of basic 
training at the Armored Replacement Training Center, There were 32 targets in all, 
and on these a total of 4472 separate estimates were made. The 32 targets were 
on 3 ranges, each range being employed in a separate exercise. 


| Range f. ~ Within the barracks area of the Post-—-10 targets, approxi-— 
mately 175 men participating. 


Range #2 - On Steele's Firing Range #4--in open country--l0 targets—- 
approximately the same 175 men, 


Range #3 =~ On Steele's Firing Range #3~-in open country—12 targets—- 
approximately of the original 175 men. 


b, Ranges are routinely estimated by the men in groups of 10 to 20, as 
part of their gunnery instruction course, under the supervision of an officer or 


“NCO. For each range, the individual is given a blank form on which he is instructed 


to write a one-word description of the target, and his estimate of the distance in 
yards after the target is pointed out to him by the instructor, He is permitted to 
identify the target with binoculars, but the distance estimate is made with the un- 
aided eye. At the termination of the exercise the men are told the correct range 

to each target and they then compute their scores, It is of interest that although 
the program is intended for instruction, it is generally conducted more in the manner 
of an examination, with no clues given by the instructors until the estimates have 
been made, 


20 . Performance of the Group as a Whole. 


a, Figure 1 gives the overall accuracy of all the estimates. Fewer than 
a third were within 10% of the true range; approximately one-half were within 20% 
of the correct distance; and one-sixth were more than 40% in error. The mean error 
was 26,6%, and the median error was 20%. Since this is the only range estimation 
practice which many of these men receive before going overseas as replacements, it 
would seem that they had not developed their skill to a high point of excellence, 


| b. Of the entire group,86 of the men estimated the distances to all 32 
targets. The distribution of the median estimation errors of these men is shown 


in Figure 2. For this group the mean error without regard to sign was 26.0% with 
a standard deviation of + 12.5% and a probable error of the mean of + .91%. 


3. Performance of Superior Individuals. 
Many of the scores in the group of 86 men indicated highly superior ability 
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in range estimation, The best individual estimated all 32 targets with a median 
error of 8% and a mean of 12.3%. The median error for the best 10 men of this 
group was 13% or less. Table 1 gives the individual scores of these 10 men, to- 
gether with a partial tabulation of the magnitude of their errors on all the 
targets. These are compared in the same table with the performance of the 10 


poorest performers, 


TABLE 1 


THE PERFORMANCE OF THE 10 BEST AND 10 POOREST RANGE ESTIMATORS 
ON 32 TARGETS © 
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4. Influence of Training. 


a. The target distances on Range #1, #2 and #3 were estimated in that 
order with intervals of a few days between exercises, The scores indicate that 
the men did not improve in their performance on the successive ranges, but 
actually tended to do more poorly and accordingly did not profit from their 
instruction, 


TABLE 2 


PERCENT OF ACCURATE ESTIMATES AND MEAN ERROR BY RANGES 


of Estimates 
Accurate with- Mean Error 
in 105 of all men _ =| 


b, The targets and locale of Range #1 were undoubtedly more familiar 
to the men than those on Range #2 and #3, since Range #1 is in the urban part of 
the Post, and Ranges #2 and #3 are in open country. This resulted in relatively 
greater accuracy of range estimation on Range #1 (Table 3). The targets on 
Ranges #2 and #3, on the other hand, were approximately equal with regard to 
difficulty of range estimation, as shown in Table 3, wherein it is noted that 
the number of men making better scores on one of these two ranges is approxi- 
mately equal to the number of men making better scores on the other, 
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5 TABLE 3 


COMPARATIVE DISTRIBUTION OF THE MEAN ESTIMATION ERRORS 
OF 86 MEN FOR THE 3 RANGES ON WHICH THEY WERE 
SUCCESSIVELY TESTED AT ABOUT 3-DAY INTERVALS 


Lower Mean Errore on Range #3 as compared with Range f2 

Higher " " Range #3 " " Range #2 

No difference in Mean Errors on Range #3 as compared 
with Range #2 


Lower Mean Errore on Range #2 a8 compared with Range #1 
Higher " n " Range f2 " ." fn Range #1 


Lower Mean Errors on Range #3 as pampered with Range #1 
Higher " " © Range #3 " " Range #1 


NOTE — Range #1 in urban part of Post 
Ranges #2 and #3 in open country on firing ranges 
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CONSIDERATIONS RELATIVE TO PRESELECTION 


APPENDIX II 


1. Civilian Occupation and Residence. 


The men at the Replacement Center whose range estimates formed the basis 
of this study had gone overseas by the time analysis of the data was completed. 
Consequently, it was not possible to interview or further examine them to dis- 
cover any attributes which might be responsible for the performance of the best 
The only information available was with regard to place 
of residence and civilian occupation, which, as indicated in Table 4, does not 
appear to offer any basis for distinguishing between the superior and poorer 


arid poorest individuals. 


groups. 


i 


TABLE 4 


“'s GIVILIAN OCCUPATION AND RESIDENCE OF TEN BEST AND TEN POOREST RANGE ESTIMATORS 


Incl, #2 


Civilian Occupation 


Farmer 

None 

Farmer 
Mill Worker 
Laborer 
Mechanic 
Electrician 
Clerk 

Clerk 
Mechanic 


Farmer 
Farmer 
Miner 

No record 
No record 
Farmer 
Clerk 
Farmer 
Laborer 
Mechanic 


Civilian Residence 


Rural Wis. 
" Mont. 
n Wis, 
Urban Mich. 
n S. Ce 
® Mich, 
" Florida 
fn Wis. 
" S. €. 
" ee 
Rural Wis, 
" Mich. 
Ls) Mont. 
" Mo, 
Urban 0, 
Rural Mo. 

a Th. 
Urban Ill. 
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WebRMDIX II 


2. Vision and Participation in Sport. 


a. Accordingly more extensive examinations were made on other similar 
Classes of men from the ARTC., The ten best and the ten poorest range estimators 
of two classes were given vision tests with the Keystone Telebinocular, and the 
ten best and ten poorest of one class were questioned regarding civilian occupa~ 
tions and hobbies. The eye tests included examinations for acuity, astigmatism, 
binocular fusion and heterphoria, stereopsis, and color vision. The results of 
these tests may be summarized as follows; 


Of the 20 best range estimators: 


15 men had completely satisfactory vision 

1 man was color blind 

1 man had moderately diminished visual acuity . 
3 men had multiple vision defects 


of the 20 poorest range estimators: 


12 men had completely satisfactory vision 
2 men were color blind 
2 men were astigmatic 
4, men had multiple vision defects. 


b. In view of the similarity between these two groups, it seems that 
neither the possession of normal vision nor the existence of visual defects deter- 
mined the range estimating ability of this group of men, 


ec, Of the 10 best range estimators who were questioned concerning 
civilian sports activities: 


4 men were farmers and had ‘hunted extensively 
4, men had lived in the country but had hunted little | 
2men were city dwellers with no hunting or golf expereince 


Of the 10 poorest range estimators so questioned: 


5 men were farmers and had hunted extensively 
2 men had lived in the country but had hunted little 
3 men were city dwellers with no hunting or golf experience , 


d, It seems unlikely from these comparisons that previous civilian exper— | 
idence exerts a consistent influence on range estimating ability, although some men — 
who may have been surveyors, hunters, or golfers, undoubtedly do profit by these. 


 aetivities’ 


@. By exclusion, the inference seems to be that judgment of distance is a 
special skill which is either inherent or can be learned through diligent application; 
that it may not be much impaired by moderate vision defects; and that no method is 
apparent as yet for selecting in advance of actual trial, those individuals whose 
performance is likely to be superior to that of other men. 
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APPENDIX III 
INFLUENCE OF CHARACTER OF TARGET AND TERRAIN 


1. Certain factors which may conceivably influence the accuracy of range 
estimates are thoserelated to the nature of the target and its surrounds, in- 
cluding illumination and contrast. 


a. In this regard instructions in the Basic Field Manual, ee Carbine, 
Caliber .30 M, FM 23-7 state that: 


Objects seem nearer: 


(1) When the object is in bright light; 

(2) When contrast is sharp; 

(3) When the line of sight is over a uniform surface; 

(4) When the line of sight is downward; 

(5) When looking over a depression most of which is hidden; 


Objects seem more distant: 


(1) When looking over a depression most of which is visible; 
(2) When there is poor light or fog; 

(3) When only a small part of the object can be seen; 

(4) When the line of sight is upward from low ground; 


b. An analysis of the estimates on the 32 targets confirms the principles 
outlined above, to the extent possible in a study of this limited extent. In most 
instances the errors in estimating the distances to targets which were clearly seen 
and sharply outlined were characteristically underestimates. Conversely, some of 
the targets which were overestimated presented indistinct outlines. However, 
neither the targets most frequently estimated correctly (i.e, within 10%), nor 
those with no consistent pattern of error, possessed attributes in common to suggest 
an explanation for the pattern of the distance estimates. 


c,. Table 5 gives a description of the 32 targets, with their distances 


and azimuths, the percentage of accurate estimates, and the percentage of in- 
accurate estimates, partitioned for over- and underestimation, 
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TABLE 5 


DESCRIPTION OF TARGETS . 
ARRANGED IN ORDER OF DECREASING PERCENTAGE OF UNDERESTIMATES 


~ Urban Area of Fort Knox; Observation Point on Knoll. 

E - Firing Range in Rolling Country; Observation Point, Top of Slight Rise. 

RANGE ~- Firing Range in Partially Cleared Rolling Country; Observation Point 
| in Flat Clearing. 


(Correct estimates are those within 10% of true range}; 
erroneous estimates are those more than 10% in error. ) 


| 5 Cor= 
rect 
Agi- Esti- 
\ Description muth Remarks 
E 


Range marker Sharply outlined, 
brightly striped, 


Trunk of dead tree NNE| Framed by clearing in 


woods, but beyond the 
woods 


° 


Sharply outlined. 
Sharply outlined, 
brightly striped. 


On upward slope of 
clearing. 


Below horizontal line 
of sight—no obstruc- 
tion to vision. 


Pile scrap metal 


Lone pine tree Up gradual slope to- 


ward horizon. 


Clearly seen—contrast 
low. 


Top of body visible 
through brush-—dead 
ground intervening be-— 
yond crest of upward 


slope. 


eLLoneone. oop Tengen. su0 ppose woLe spe TOR YH enron* ) 
Laramie wehbe whe 3 ody ahah bd 7o% O% er wate) 


5 gw azar cremqoty ae at 
Fy 1g ee im BIEVER psvite yu Adank byewned : baevell ans ee | 
ine bs ~ bgLToe. wente Ju BoyT]we Compera? Cpeeiaeryow oye’ Lob bik arr 

yick Gy - Lapactia ¥Lee Ot, bs er via ae at i ied on mroTy* ery a 


‘soigND DA OODRE ob DRBSEYEIIG BECDNGE cA UNREST 
‘DEEGHTHLION Ob YBCELE ie 


ward i 


Incl. #3 


Corner of large 
bldg. 


Jeep under cedar 
tree 


Barracks bldg ° 


Broken down truck 


Small shed 


Rusty broken down 
truck 


Telephone pole 


Truck body 


Safety marker 


Broken truck body 


TABLE 5 (cont'd) 


obstruction. 


WSW|Tree symmetrical and 
sharply outlined. 


NjAmong trees, elevated 
above group of bar= 
racks in hollow. 


NNE|Incompletely seen due 
to irregular ground. 


ESE|Seen through trees 
near permanently 
located tanks. 


WiSeen across hollow 
partly obstructed 
by brush. 


NNE|Incompletely seen 
due to irregular 
ground. 


SWiLow contrast, 
Against woods. 


EjPartly hidden by foli- 
age-——indistinct—con- 
trast very low. 


S|Sighted over high 
coal piles, 


EjBrightly striped-—— 
but seen on edge. 


NE|Little more than cab 
visible due to brush, 
terrain irregularity 
amd low contrast, 


32 


31 


39 


37 


29 


32 


37 


> Erroneous 
_ Estimates 
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TABLE 5 (cont'd) 


frroneous 
Estimates 


over jshort 


Obscured by brush. 32 
Contrast low. 


Only part of bldg. vis- 32 
ible along paved 
street. 


Obscured by brush and 31 
low contrast. 


On slightly higher 30 
ground than 0.P. with 

moderate depression -. 

intervening—seen — 

against sky. 


On eroded slope across 27 
broad ravine. 


No specific object as |. 25 
target. Distance is an 
even mile. 


On eminence partly | 23 
hidden by trees. 


ack bedy with On upward slope of 13 
o wheels grass covered clearing 
~-outline sharp. 


| Along straight paved 11 
road. 


Lone bldg. on hill-— | 9 
sighted upward | 


against sky. 


| Only apper corner 6 
of bldg. visible 
along paved street. 
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d, Arranged in similar order, Figure 3, a to p, shows graphically 
the distribution of errors on these targets. On 7 of them, 35% or more of the 
estimates were within 10% of the true range, Six of these were on the first 
range, which together with the lower average error on this range suggests that 
targets in urban areas present less difficulty than those in open country. There 
was a tendency to underestimate the distances on 19 targets, to overestimate on 8, 
while on 5, although the errors were numerous, no patter of error was discernible, 
Table 6 lists those targets which were most strikingly over- or underestimted, 
and presents the predominant character of error on them for all the men, and for 
the 10 best men. Since the errors of both groups of men is in the same direction 
on both sets of targeté, the impression is gained that the type of error is a 
function of the target rather than of the individuals doing the estimating. Nor 
did it appear that the pattern of error for any one man was characteristically 
over or short. 


. @, These observations might be applicable to specific canbat situations 
confronting armored crews, When the range must be estimated to a terrain feature 
in the vicinity of which an enemy strongpoint is suspected, the estimate is very 
likely to be more than 10% short if the object is one which has sharp outlines, 
If the target be a vehicle, or a tree, for example, its distance will tend to be 
underestimated if its contours are sharp, and overestimated if only part of it 
is seen, and that indistinctly. 
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TABLE 6 


COMPARISON OF PERFORMANCE OF ALL MEN WITH THAT 
OF 10 BEST MEN ON SELECTED TARGETS. 2 


rors of bes J ment 
Targets 
Consistently No, of men| No, of men 


under 
Range marker, 365 yds. 


Trunk of dead tree in 
clearing, 699 yde. 


Jeep at close range, 


149 yds. 
Range marker, 653 yds. 


Pile of scrap metal 
in field, 543 yas. 


1 8 Upper front part of bldg 
visible along street, 
71 yds, 
1 7 |Corner large bldg. on 
hill, 325 yds. 
1 5 Shed visible at end 


of street, 635 yds. 


* Differing from true range by more than 10% 
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FIG. | 


DISTRIBUTION OF 4472 RANGE ESTIMATES MADE BY 
TRAINEES IN GUNNERY AT THE A.R.T.C. 


(Gd) 20 TARGETS ON 2 RANGES ESTIMATED BY ALL MEN. 
(Db: }) AN ADDITIONAL 12 TARGETS  ONZA. 53 RD. RANGE 
ESTIMATED BY HALF THE MEN. 
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MEDIAN RANGE ESTIMATION ERRORS OF 86 
INEXPERIENCED GUNNERY TRAINEES AT A.R.T.C. 
(32°. “TARGETS SONS: RANGES) 


NO.OF MEN 


32- 34-36-38) 
33.5°35,5-375-395 


8- 10-12-14 


9.5-11.5-13.5-15.5][75°19.5° 215 235) 25,5-275-29.5-31.5 


I6- 18- a omyeasenes a 


MEDIAN % ERROR FOR 32 ESTIMATES. 
WITHOUT REGARD TO SIGN 
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FIG. 3 A-P 
DESTRIBUTION OF RANGE ESTIMATION 
ERRORS FOR EACH TARGET. 


INDICATING BOTH THE DIRECTION AND MAGNITUDE OF ERROR. 


THE CHARTS ARE ARRANGED IN THE 
SAME ORDER AS IN TABLE 5. 


RANGE“ I-10 TARGETS- APPOX. 175 MEN 
#95-10 TARGETS- APPOX. 175 MEN 
#3-10 TARGETS-APPOX. 86 MEN 
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